In describing our experience with these apparatus some of the points are discussed in detail in order to assist inexperienced operators to a rather full understanding of the reasons for some precautions and directions given.
The methods of groups 2 and 4 are probably least used, and they are also perhaps subject to the greatest inaccuracies, since in either the wet oxidation or the reduction to hydrogen sulphide it seems certain that not all of the sulphur in various kinds of gas is completely oxidized or reduced, so that the results are too low. The few tests made on these methods gave very unsatisfactory results.
In the case of the method of reducing to hydrogen sulphide the deposition of large amounts of carbon on the catalyzer was a constant source of difficulty.
The methods of group 3, particularly the method of Somerville, have been used to some extent, and it appears probable that a modification of the Somerville method could be used, if desired, for rapid and approximate determination in works control. Brief attention is given to such a method on page 12. In referring to the later form of apparatus, which is illustrated in Fig. 4 meters to apparatus were largely of glass, in order that no sulphur should be introduced into or removed from the gas supplied by the rubber tubing and that the possibility of leakage through the tubing would be minimized. To purge each line so that gas of the same character was supplied for each burner, the gas was burned for a short time before each comparison was begun. It It was proved that at various rates less than 5 cubic feet per hour the gas became practically equally charged with water on the passage through the meters, so that in cases where two apparatus were run at different rates the gas measurement was not appreciably affected by differences in saturation. In the series given in Table 2 Fig. 3) , and the Drehschmidt apparatus and all modifications of it condense the sulphur by bubbling the products of combustion through liquids. These two types of apparatus, especially the latter, differ so greatly in principle from the Referees and other forms which have air-cooled condensers that they can be best considered separately. The sulphate in the condensed liquid and wash water is determined by one of the methods given in a later section of this paper. From sulphate found and corrected volume of gas burned, the sulphur content of the gas (in grains of sulphur per 100 cubic feet of gas) is calculated.
IV.-DETERMINATION OF SULPHATE IN THE SOLUTIONS OBTAINED
In all the forms of apparatus described, the suplhur is obtained in solution in the form of sulphates and, except in the case of the Somerville procedure, it is this sulphate which must be determined. The oxidation from sulphites to sulphates is accomplished in the Drehschmidt and Somerville types of apparatus by an oxidizing agent, usually bromine or iodine, in the absorption liquid; and in the other forms of apparatus it is accomplished by the action of the oxygen in the hot products of combustion on the alkaline solution of sulphite formed in the condenser.
Numerous determinations were made of the sulphites present in the condensate from the various forms of apparatus and, while it was nearly always possible to get a qualitative test for sulphites, the amount was never found to be in excess of two-tenths of a per cent of the total sulphur present. It is, therefore, a negligible amount in a determination of this kind.
The methods of determining the sulphate which are available for use for this work are of three kinds -gravimetric, volumetric, and turbidimetric.
The procedure used for most of the comparisons described in the previous sections was the first gravimetric method described below (practically the one recommended by Johnston and Adams; 10 but for some of the comparisons of Table 10 Soc, 26, p. 126s; 1903. Holliger: Zs. anal. Chem., 49, p. 84; 1910. Bradley: Chem. Eng., 13, p. 26; 1911. Reuter: Chem.-Ztg., p. 357; 1898. 14 Roemer: Zs. anal. Chem., 49, p. 490; 1910. Preeht: Zs. anal. Chem., 18, p. 521; 1879. "Bruhns: Zs. anal. Chem., 45, p. 573; 1906. Kowarowsky: Chem.-Ztg., p. 498; 1907. 4. In all methods, the solubility of the barium chromate should be taken into account. In all, about 300 determinations were made. The turbidimeter used is shown in Fig. 9 The light used was in most cases a 1 6-candlepower carbon filament lamp, so placed that a straight portion of the filament extended diametrically across just below the bottom of the tube. Chem. vSoc, 18, p. 661, 1896; 22, p. 269, 1900; 24, p. 848, 1902. 
